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PREFACE 
The widespread use of the cblo:d.na ted hydro ca rbcns (DDT 7 methoxy 
DDT, chlordan, chlorinated camphene and hexachlorocyclohexane) as sprays 
for external para.site control has rr.ade it desirable to determine whether 
or not these compounds are adsorbed in the tissues and secreted in the 
milk of treated animals. Before the danger to humans consuming such 
contaminated food products can be evaluated, it is necessary to know 
how much of the insecticide may be stored following routine spraying 
for external parasite control. Possibly one or more of the mated.ala 
shoulc not be used on anirrals producing food for man. 
To obtain further information on this subject, cooperative work 
involving the departments of Agricultural Chemistry Research, Animal 
Husbandry, Dairying and Entomology was undertaken. Groups of range 
and dairy anirrels were sprayed with two quarts each of one of the 
materie.ls mentioned above. Each material was suspended in water 
and diluted to 0.5 fo by weight. Different groups were sprayed from 
1 tc 4 times. All animals were handled in the usual rranner and no 
e.ttempt was made to segregate sprayed groups to prevent licking. Milk 
from dairy animals was collected weekly and preserved in an equal vol-
ume of alcohol and tissues from beef a.nirrals were obtained at slaughter 
and frozen until analyzed. 
TABLE OF CONTENTS 
INTRODUCTION .•••••••••••••••••••••••• 1 
DDT•••••••••••••••••••••••••••••• 2 
Hexachlorocyclohexane •••••••••••• 6 
Chlordan ••••••••••••••••••••••••• 8 
Chlorinated Camphene ••••••••••••• 9 
Methoxy DDT •••••••••••••••••••••• 10 
EXPERIMENTAL••••••••••••••••••••••••• 11 
RESULTS•••••••••••••••••••••••••••••• 16 
DISCUSSION ••••••••••••••••••••••••••• 17 
SUMMARY•••••••••••••••••••••••••••••• 20 
BIBLIOGRAPHY ••••••••••••••••••••••••• 22 
iv 
ACKNOWLEDGMENT 
The autbor expresses appreciation to 
Dr. V. G. Heller and Dr. Robert MacVicar 
under whose direction this investigation wa.s 
conducted and to Dr. D. E. Howell of the Entomology 
Department who provided the experimental 
material. The financial assistance 
of the Oklahoma. Agricultural 
Experiment Station is 
acknowledged. 
V 
1 
INTRO DUCT ION 
Shortly after our entry into the recent war, studies were initiated 
by the Bureau of Entomology and Plant Quarantine for the purpose of 
developing control measures for certain insects of importance to the 
Armed Forces. Of the numerous compounds tested chlorinated hydrocarbons 
proved to be of value, particularly, DDT (2,2 bis(p-chlorophenyl)-1,1,1-
trichloroethane), chlordan (l,2,4,5,6,7,8,8-0ctachloro-4,7-methane-Ja,4,7, 
7a-tetrahydroindane), chlorinated camphene (2,J,3,trimethyl 2,47 5,5,6,6, 
7,7, octachlorobicylicpentane, rnethoxy DDT f2,2,-bis(p-methoxyphenyl) 
1,1,1-trichloroethane), and hexachlorocyclohexana (l,2,J,4,5,6-hexachloro-
cyclohexane) were outstanding in performance (8). Because of their effec-
tiveness against a large number of insects, extensive effort was made to 
explore their possibilities and to develop formulations suitable for 
their practical use in insect control. 
More publicity has been accorded DDT and the other chlorinated hydro-
carbons in the past five years than had been given to any other group of 
insecticides in a comparable length of time. Their remarkable effective-
ness in controlling such disease-carrying insects as the body louse, 
mosquito, and fly (6) has attracted world-wide attention. In addition to 
their value in preventive medicine, DDT and the other chlorinated hydro-
carbon insecticides are among the most effective agents against a wide 
variety of agricultural peatse 
Insects affecting livestock are of major economic importance in Okla-
homa. It is estimated that during the past year more than five million 
cattle in Kansas, Oklahoma and Texas were sprayed one or more times (17) 
with DDT for the control of external para.sites. Additional numbers were 
sprayed with hexachlorocyclohexane, chlorinated camphene, chlordan and 
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methoxy DDT. Such large scale utilization of ma teri.i=tls of known or poten­
tial toxicity to warm-blooded animals JM.de of interest the determination 
of the absorption rate by the sprayed animals. Since the flesh of the 
anill81 and the milk secreted were to be used as food for humans, data on 
tissue storage and elimination in milk was needed to evaluate the possible 
hazard from such extensive use of these toxic materials. The work of 
Telford (33), Hackman (lJ), and Heller (18) showed that these insecticides 
were present in the milk from cows sprayed with these insectici1es. Much 
additional information was needed, however, to determine the extent of 
contamination of milk and tissues following routine spraying for external 
parasite control. Possibly, one or more of the mterials should not be 
used on animals producing food for hwnan consumptiono To obtain such 
further information on this subject, a cooperative project was instituted 
involving the departments of Agricultural Chemistry Research, Animal Hus­
bandry, Dairying, and Entomology of the Oklahoma Agricultural Experiment 
Station. This report presents a portion of this study. 
DDT 
The symbol DDT is a contraction for dichloro-diphenyl-trichloroethane, 
the generic name or the active insecticidal principle (6). Theoretically, 
there are forty-five possible dichloro-diphenyl-trichloroethanes, exclud-
ing stereoisomeric forms. However, the term DI11' has been confined to the 
product obtained on condensation of chloral with chlorobenzene in the 
presence of sulphuric acid according to the process originally described 
by Zeider (8) in 1874. The major constituent in the product so obtained 
is a.bout seventy-five per cent of the other isomers of DDT, the chief one 
being ortho-DDT. This product has been referred to as technical DDT and 
is of somewhat variable composition depending upon the temperature and 
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other conditions during its synthesis. A refined grade of DDT which con .. 
consists of ninety-five percent or more of 2,2-bis (p-chlorophenyl)-1,1,1-
trichloroethane has been designated as pure DDT (26). 
Following Zeidler's description of DD'r 1 s synthesis in 1874, no further 
mention of this compound is found in the literature until 1942. In that 
year a British patent assigned to J. R. Geigy A-G., was issued which states 
that p,p 1 -dichloro-diphenyltrichloroethane may be produced as follows (26): 
c1Q 
H 
+O:::: C
c1C� 
"225 parts of chlorobenzene are mixed 
with 11.,7 parts of chloral or the corre­
sponding amount of chloral hydrate and 
then 1,000 parts of sulphuric acid mono­
hydrate are added. While stirring well 
the temperature rises to 60 degreos C 
and then sinks slowly down to room tem­
perature, the mass then containing solid 
parts. It is poured into a great deal 
of water, whereupon the product separates 
in solid form. It is well washed and 
crystallized from ethyl alcohol forming 
fine white crystals, having a weak fruit­
like odour. 11 
Cl 
c1Q�
C-Cl 
��� 'c1 
c1c/
Monochlorobenzene Chloral DDT 
DDT is nearly insoluble in water, moderately soluble in 
,Cl 
- C-Cl
'c1 
petroleum 
and vegetable oils, and readily soluble in many common organic solvents. 
Solubility values in a large number of solvents have bean determined for 
once-recrystallized DDT (m.p. 107.5 - 108° C.). The following tabulation 
gives the approximate solubilities in a few of the more useful solvents 
at 27-'30 degrees. Most of these solvents are inflammable, some are 
highly inflammable and when used as sprays, without emulsifying in water, 
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create highly explosive concentrations in the air when used indoors or 
in enclosed places (8): 
Solvent Grams per 100 ml. 
Cyclohexanone-----------------------------------------116 
Benzene----------------------------------------------- ?8 
Isophorone-------------------------------------------- 74 
Trichloroethylene------------------------------------- 64 
Tetrahydronaphthalene--------------------------------- 61 Acetone-------------------------·--------------~~----~ 58 
Because DDT is a stable organic compound, soluble in many solvents, it 
is extremely versatile and has been prepared for use in a number of 
different ways, for example as dusts, solutions, emulsions, suspensions 
in aqueous and non-aqueous solvents and aerosols. 
No one questions the lethal effect of DDT upon many insects, but 
its toxicity to man and warm-blooded animals is less certain. There ia 
no doubt that DDT is toxic; however, the toxicity of DDT to humans is of 
a sufficiently low order to permit the use of DDT as an insecticide with-
out danger to personnel if reasonable precautions are taken. In spite 
of the axt9nsive employment of this insecticidal 'ingredient to date, 
there has been no established case of poisoning. Many reports have been 
received of symptoms of toxicity attributed to DDT. In many instances 
it has not been clearly established that the observed symptoms ma.y not 
have been caused by the carrier rather than the insecticide itself. In 
many cases the public and medical profession is not aware of the symptoms 
of toxicity of commonly used carriers with the resulting erroneous con-
clusions (3). 
There is little doubt, however, that DDT itself is a toxic substance. 
The effect of DDT on man and other warm-blooded animals has been investi-
gated by three principal groups, the u. s. Food and Drug Administration, 
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the U.S. Public Health Service, and the Kettering Laboratory of Applied 
Physiology of the University of Cincinnati. These investigations have 
shown that DDT is stored as well as transmitted in animal tissue and 
excretions. Furman (1) has shown that hexachlorocyclohexane was absorb-
ed by dairy animals and transmitted through in their milk. The actual 
am:>unt of hexachlorocyclohexane present in the milk of the treated animals 
was probably too low to present actual health hazards to the consumers of 
the milk. Since milk containing a detectable quantity of hexachlorocyclo-
hexane is classified as an adulterated food under the Federal Food, Drug 
and Cosmetic Act, and since very small quantities in the cream produce a 
musty odor, it was deemed inadvisable to spray or dip dairy cattle with 
aqueous suspensions of hexachlorocyclohexane unless the milk obtained for 
at least one week following treatment is used for other than human consump-
tion. Heller (18) showed that DDT was transmitted through the milk from 
sprayed animals, but no attempt was made to show the effect of the milk 
containing the DDT on other warm-blooded animals consuming the milk. Tel-
ford (33) showed that the milk from goats sprayed with hexachlorocyclohexane 
was not only toxic but lethal to white mice. 
Several methods are now available for the determination of DDT in 
biological material. Several of these attempt to relate organic chloride 
content to DDT content. The organic chlorides are determined by combus-
tion, followed by the determination of the released chlorides by one of 
the conventional methods (14). The total organic chlorine may also be 
determined by refluxing with metallic sodium in isopropyl alcohol or 
other soluble solvent and subsequently determining the chloride removed 
(34). Another analytical method consists of refluxing DDT with alcoholic 
potassium hydroxide (13). Under this latter condition DDT is hydrolyzed 
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as follows: 
Cl 
Cl~ 
- \ Cl 
- C - Cl i- KOH __,,. 
Cl 
C = C - Cl 1- K-Cl + H20 
c1Q/ 
The chloride found by this procedure ms.y then be determined. Since 
results with technical DDT by this latter method are higher than the 
actual content of the p,p'-isomer, a blank must also be determined. 
A newly developed colorimetric method gives promise of being very 
useful (27). In this method a sample is nitrated, the tetranitrate deri~ 
vative formed is extracted with ether, and the ether extract is washed 
with alkali, dried, and evaporated. The residue is dissolved in benzene 
and treated with a methyl alcohol solution of sodium methylate. p,p'-
DDT gives a blue color, o-p'-DDT, violet red color. By use of suitable 
spectrophotometric procedure, the exact content of p,p'-DDT may be measur-
ed. This method is sensitive to about ten micrograms of the p,p' isomer. 
Another colorimetric method involves treatment of dry DDT or a dry ex-
tract of the sample with xanthydrol-potassium hydroxide-pyridine reagent 
(32). DDT gives a red color with this reagent. This method is equally 
sensitive. 
Hexachloroczclphexane 
Recently 1,2,3,4,5,6,-hexachlorocyclohexane, commonly called benzene 
hexachloride, has been made available as an insecticide and has proved 
to be of considerable agricultural importance. The present technical 
11'8.terial ia a mixture of at least five of the sixteen possible etero-
isomers, of which the so-called gamma isomer is by far the most biologi-
cally active. The activity of the gamma isomer is so marked and so 
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superior to that of the other isomers that the evaluation of hAxa-
chlorocyclohexane is usually expressed in terms of the per cent gamma 
content, and the latter is regarded as an index of the biological 
activity (7). In March, 1945, the outstanding insecticic~l properties 
of the gamma isomer of benzene hexachloride were made public by Slade 
(29) in England when delivering the Hurter Lecture. Hexacblorocyclo-
hexane owes its discovery as an insecticide to the war. In 1941 the 
need for a substitute· for derris (rotenone) was acute. Chemists of 
the Imperial Chemical Industries reviewed their tests of thousands of 
synthetic organic compounds and selected about forty for further evalu-
ation. Among them were the hexachlorides of mono- and o-dichloroben-
zenes, both chosen primqrily because of their bad odor, the thought 
being that they might act as repellents. When called upon for samples 
of these compounds, one of the laboratories of the Imperial Cbendcal 
Industries suggested that the parent compound, hexachlorocyclohexane, 
be included. The technical samples furnished proved more effective as 
an insecticide than the original laboratory preparations. After consid-
erable investigation, the toxicity was traced to the gamma isomer. 
The gamma isomer of hexachlorocyclohexane (Gammexane in England), 
is one of five isomers obtained when chlorine reacts with benzene in 
the presence of light. The gamma isomer comprises about ten to twelve 
per cent of the product ann can be separated by fractional crystalliza-
tion from organic solvents. 
Development work in both the manufacturing and the biological fields 
has been hampered by a lack of rapid analytical methods. Analyses by 
biological assay has been employed and should probably be considered 
as a final test for any insecticidal material. However, this method 
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does not lend itself to high accuracy and is further limited by the 
requirements of a rather specialized technique and the fact that it is 
time-consuming. Daaech (7) has recently described an infrared absorp-
tion method which should prove valusble, particularly since it permits 
the simultaneous determination of five isomers. 
The discovery of the fifth isomer, designated as "Epsilon•, has been 
announced by Kauer, DuVall and Alquist (20).. The exact structure of the 
Beta isomer has been established by the use of X-ray studies or the 
crystal. The exact structure or the other isomers is still questionable. 
The possible structures with chlorine and hydrogen atoms arranged 1n 
different combinations with relation to the carbon atoms accotmt for 
the fifteen isomeric forms. Because of the close proximity of the 
chlorine atoms in soma forms, Slade (29) states that there are only 
five isomeric forms which can exist without molecular strain. 
Chlordan 
A material produced by the chlorination of hydrocarbons derived 
from coal tar has been used as an insecticide. The active insecticidal 
component of this material has the empirical formula C1oHcClg and has 
recently been assigned the following structure: l,2,4,5,6,7,8,8-octa-
chloro-4,7-methano-3a,4,7,7a-tetrahydroindan (1). In order to provide 
a more convenient designation, the chlordan (9) was coined. Technical 
chlordan as is currently produced is a viscous liquid containing between 
sixty and seventy per cent of l,2,3,4,5,6,7,8,8-octachloro-4,7-methano-
3a,4,7,7a-tetrahydroindan. Also present are several related compounds 
which possess some insecticidal properties. Technical chlordan is read-
ily soluble in most organic solvents, including the petroleum derivatives 
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but insoluble in water. It may be formulated in solutions to be applied 
directly or to form emulsions in water, or as a dust. Like DlJI', chlor-
dan is dehydrohalogenated rather rapidly in the presence of alkali form-
ing compounds of low or no toxicity to insects. 
Kerns, Ingle and Metcalf (21) have described the general insecti-
cidal properties of chlordan. It appears to function as an insecticide 
in a manner somewhat similar to DDT. It possesses considerable residual 
toxicityo 
Ingle (19) has reported that, weight for weight, chlordan and DDT 
appear to be of the same order of toxicity to white rats. Rats receiv-
ing either chlordan or DDT showed a wide range of individual suscepti-
bility, making it difficult to establish an absolute minimum lethal dose. 
Chlorinated Camphene 
Another polychlorinated organic compound, designated by the trade 
name Toxaphene (Hercules Powder Company), has received some attention 
as an insecticide. Chemically, this material is a mixture containing 
polychlorobicyclic terpens. The approximate empirical formula for this 
compound is c1c1110c18, (2,3,3 trimethyl 2,4,5,5,6,6,7,7, octochlorobicy-
clopentane) and the commercial product is a yellow, waxy solid, melting 
over a broad range from sixty-five to ninety degrees c. 
Stearns et al. (31) found that this material behaved somewhat like 
DDT as an insecticide, although against several insects Toxaphene was 
less toxic then DDr. Toxaphene is readily soluble in most commercial 
solvents, but is more soluble in the aromatics than in the aliphatic 
hydrocarbons. It is not soluble in water. Like the other chlorinated 
hydrocarbons of this type, including DDT, Toxaphene slowly evolves HCl 
upon heating, the rate depending upon thP, temperature and the presence 
of catalytic impurities, such as iron compounds. High alkaline condi-
tions cause dehydrohalogenation. 
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Toxicological investigations of Toxaphene have shown that it is a 
poisonous substance which has an irregular toxicity range. In solvent 
form it is readily absorbed through the skin (16). It can cause toxic 
effects on the nervous system by ingestion, inhalation, or absorption 
through the skin into the body. In solid form it is not readily absorb-
ed through the skin of animals. 
Metho& J2!?1. 
Methoxy DDT is a slightly different derivative of the parent com-
pound, DDT, is less toxic to warm-blooded animals and more effective on 
certain insects than DDT itself. In addition, many plants are less 
subj9ct to injury from methoxy DDT. Methoxy DDT has the additional in-
secticidal advantage of a '~ock-down 1 effect on such insects as flies 
and mosquitoes. It may be used either as a spray or a dust (lo). 
Methoxy DDT is the approved generic name being applied to 2,2-bis 
(p-methoxyphenyl) 1,1,1-trichloroethane, and supplies such designations 
as methoxychlor, methoxy analog of DDT, and dianisyl trichloroethane. 
Technical methoxy DDT is eighty-eight per cent 2,2-bis(p-methoxyphenyl) 
1,1,1-trichloroethane and twelve per cant other relating compounds (2)o 
In acute toxicity tests, methoxy DDT has been shown to be far less 
toxic to warm-blooded animals than D11I'; in some cases having approximate-
ly one thirty-fifth the toxicity of D111' (23). Methoxy DDT may be consid-
ered to have about the same acute toxicity as rotenone (JO). 
The Haskell Laboratory of Industrial Toxicology (Du Pont) is making 
a thorough study of the toxicity of methoxy DDT (10). Results to date 
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indicate that in addition to being less toxic than DDT, there is a lesser 
tendency (one-fifth or less) for methoxy DDT to be stored in the body fat 
of animals when methoxy D:rtr is eaten or applied to the skin in oil solu-
tions (11). 
EXPERIMENTAL 
Insecticide content of milk j.'.9llowing external application. 
In order to determine the amount of DDT, hexachlorocyclohexane, 
chlorinated carnphene, methoxy DDT and cblordan absorbed by dairy cattle 
and secreted in the milk following topical application for routine in-
sect control, a group of twenty-five grade dairy cows from the college 
herd were selected. These were divided into five lots of five cows each 
without regard for breed differences or stage of lactation. These ani-
mals were fed a standard milk-producing ration, supplemented by access 
to a limited amount of summer pasture. 
The insecticides used and the method and time of application 
were essentially as follows: The DDT used on the dairy animals was 
Du Pont•s Deenate, 5ofo wettable powder. The chlordan used was Velsicol, 
5Clf., wettable powder, produced by the Velsicol Corporation or Chicago, 
Illinois. The hexachlorocyclohexane used was a 2I1'/o gamma isomer, oil 
emulsion, (this was diluted to a 6% emulsion before application) pro-
duced by the California Spray Chemical Company, Richmond, California. 
Toxaphene, produced by the Hercules Powder Company, Wilmington, Delaware, 
was the chlorinated camphene used. The methoxy DDT used was a 25% methoxy 
DI11' Du Pont test material, oil base emulsion, described as follows: "!est 
No. 1085-166 as of letter 5-11-48 11 • 
The mater:l.als were applied exterDB.lly in accordance with the 
usual commercial methods. A three nozzle fog spray apparatus was em-
ployed using 200 pounds pressure. Each animal received approximately 
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two qua.rts of a 0.5% solution or suspension of the insecticide, sprayed 
in such a manner as to completely drench the entire animal. These dairy 
cows were sprayed on May 4, July 14, and September 17, 1948. These spray-
ing dates were determined by the actual need for the application of an 
insecticide for the control of flies. 
Samples of milk were collected as follows: All samples were 
secured at the milking shed to preclude any errors or contamination by 
the milking crew. Milk from the evening milking was used throughout 
the test. Since the milk obtained by hand stripping contains more fat 
than that secured by the ms.chine alone, each animal was hand-stripped 
and the milk thus obtained combined with that from the machine milking. 
The composite was thoroughly mixed and a 200 ml. aliquot removed. The 
aliquots from each cow in the group were then pooled, an equal volume of 
alcohol added, and the samples stored until analyzed. 
Storage of insecticide in tissues following e!ternal application. 
In order to determine the degree of storage of DI11' in the fat 
and tissues of animals receiving topical application of commercial in-
secticides for external parasite control, a test was devised to deter-
mine the concentration in the fat and tissues of range beef cattle 
treated according to the usual commercial practice. 
The test animals consisted of two groups of sixty-seven long-
two-year-cld grade Hereford range steers. The feeder steers were long-
yearling grade Herefords. The range steers received DB.tive grass pasture 
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supplemented with cottonseed cake or soybean oil meal. The feeder steers 
were on a standard fattening ration. :Each animal was placed in a small 
pen and sprayed with approximately two quarts of a 0.5% concentration 
of the insecticide. The source and type of insecticide was the same 
as that previously described. All materials used were applied at 200 
pounds pressure with a three nozzle fog spray and sprayed in such a 
manner to completely drench the entire animal. Four groups of feeder 
steers were sprayed one, two, three and four times, respectively, to 
determine the effect of repeated application on the accumulation of 
insecticide in the tissues. 
An attempt was made to determine the effect on a calf sprayed 
with a chlorinated hydrocarbon, and at the same time receiving milk 
from a cow that was also sprayed with a chlorinated hydrocarbon. To 
accomplish this, a dairy suckling calf and a range suckling calf were 
selected and samples of their fat, liver, kidney, and lean meat 1\19re se-
cured at time of slaughter and frozen until analyzed. 
Samples of fat and various tissues were obtained from each animal 
at the time of slaughter, placed in sterile jars, rapidly frozen, and 
maintained in the frozen state until analyzed. The fat tissue was 
mesentery fat. The muscle tissue was obtained from the diaphram muscle. 
Liver and kidney tissue was a representative portion of' these two organs. 
Analytical Methods. 
Since no colorimetric method for hexa.chlorocyclohexane, chlorinat-
ed camphene, chlordan, and methoxy DDT in biological materials was avail-
able, the method used was based upon the determination of total organic 
chloride. The method employed was essentially that described by Carter 
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(4). Organi~,ally bound chlorides were converted to sodium chloride by 
the action or metallic sodium in isopropyl alcohol. The chloride thus 
obtained was determined titrametrically by the Volhard-Arnold method. 
The only modification made in this method was the utilization or 
Nessler tubes to aid in determining the end-point. One drop of ammon-
ium thiocyanate solution was placed in a Nessler tube and 100 cc. of 
distilled water was added. To this ferric alum indicator was added in 
the same amount used in the unknowns. The red color produced in this 
tuba was used as a standard end-point and all the unknowns were titrated 
'to this point. In order to eliminate the interference to the color by 
the suspended silver chloride, the solution was filtered into the 
Nessler tube before the color was read. In the event the end-point 
had not been reached, the solution was returned to the flask a.nd ti tra-
tion continued. 
Table I compares the results obtained in samples of milk using 
the Schecter colorimetric method (28) and the chloride procedure or 
Carter. It will be seen that excellent agreement between the two 
methods was obtained. 
Table I 
Comparison of the Schecter Method and the 
Carter Method for the Recovery of DDT 
Schecter Method Carter Method Sample No. 
DDT p,p,m, Chlorine X 2 DDT p,p,m. 
1 3.4 1.7 X 2 = 3.4 
2 5.2 2.6 X 2 • 5.2 
3 5.0 2.5 X 2 = 5.0 
4 9.6 4.8 X 2 • 9.6 
5 20 2 1.1 X 2 • 2.2 
6 4.6 2.3 X 2 • 4.6 
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In order to determine the per cent recovery of DDT, known quanti-
ties of DDT and the other insecticides used were added to milk and the 
amount present determined using the chloride method. The results are 
shown in Table II. 
Table II 
Per Cent Recovery From Known Concentrations of the Insecticides Used 
Insecticide Used Mg. Chlorine Percent 
Mg. Found Insecticide Recovered 
DDT 
10 4.9 9s.o 
10 5.1 102.0 
10 4.8 96.0 
15 7.3 98.6 
15 7.2 96.o 
Hexachlorocyclohexane 
10 7.1 97.0 
10 7.1 <f'/.7 
15 10.9 99.8 
15 10.8 98.7 
20 14.5 99.l 
Chlordan 
10 6.8 98.9 
10 6.9 99.7 
15 10.3 99.0 
20 13.8 99.7 
20 13.7 99.5 
Chlorinated Camphene 
5 3.2 93.9 
10 6.6 97.0 
10 6.6 96.3 
20 13.5 98.4 
25 16.8 98.3 
MethoxY DDT 
10 3.0 97.4 
10 2.9 94.8 
15 4.5 98.5 
15 4.5 <f'/.4 
20 6.o 97.4 
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The DDT content of the fat, liver, kidney and lean meat was deter-
mined by the Schecter and Pogorelskin {28) method using the Col~man Spec-
trophotometer to determine the density of the resulting color. The concen-
tration of DDT was determined by comparison with a standard curve prepared 
by using known amounts of technical DDT. 
RESULTS 
Graphs 1, 2, 3, 4, and 5 show the concentration of chlorine in parts 
per million and the calcula.ted amount of insecticide present on the basis 
of per cent chloride present in the original compound. These graphs cover 
the period ranging from May 11, 1948 to December 21, 1948 for DDT, methoxy 
DDT, hexachlorocyclohexane, chlordan and chlorinated camphene found in 
the milk. 
Table III shows spraying dates, the date of slaughter and the con-
centration of DDT in parts per million for the fat as determined by the 
method of Schecter (28), and the concentration of methoxy DDT as deter-
mined by the determinetion of total organic chlorides (4) assuming that 
the metho:xy D11l' contained 30.79/o chlorine. 
Table III 
The Concentration of DDT and Methoxy DDT in the Fat of 
Range Steers Sprayed with these Insecticides. 
Type Animal 
Range Steers 
Number of 
Animals 
in Test 
67 
Number of 
Times 
Sprayed 
3 
Date of Date of 
Spraying Slaughter 
June 11 
Insecticide Content 
Found in Parts Per 
Million 
DDT Methoxy DDT 
June 29 August 24 lJ.3 
August 12 
30 • .3 
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The concentration of the other insecticides, chlordan, hexachloro-
cyclohexane and Toxaphene, in the fat and tissues of feeder steers spray-
ed for external parasite control is shown in Table IV. Both total 
organic chloride and insecticide content are expressed, the conversion 
being ma.de on the basis of the chlorine content of the insecticide. It 
is recognized that this conversion is somewhat empirical, since there is 
no evidence as to the exact chemical nature of the toxicant as it is stor-
ed in the animal body and the percentage of chlorine may, therefore, 
differ from the parent compound which was applied. The expression of 
these data in terms of relative amotmts of insecticide does, however, 
permit a more direct comparison of the degree of storage of different 
forms of widely differing chlorine content. For these calculations, 
the following percentage chlorine composition was assumed: hexachloro-
cyclohexane, 73.16; chlordan, 69.23; chlorinated camphene, 68.56. 
DISCUSSION 
As shown in the graphs, the concentration of the insecticide excret-
ed in the milk reaches a maximum concent~ation point at a period from 
eleven to eighteen days after date of spraying and then rapidly dimin-
ishes. With the exception of DIJr, the concentration of the other 
insecticides returned to zero shortly after the maximum point was reach-
ed. These data suggest that any of the five insecticides might be safely 
used providing that milk from the sprayed animals was not used for human 
consumption until several days after the period of maximum concentration 
in the milk had been reached. The concentration of DDT in the milk did 
not return to a low level, however, until it was found necessary to 
spray again in order to maintain effective control. The use of DDT, 
No. of 
Animals 
Tz:Ee Animal in Test 
Feeder Steers 2 
Feeder Steers 1 
Feeder Steers 1 
Feeder Steers 1 
Feeder Steers 1 
Feeder Steers 1 
Feeder Steers 1 
Feeder Steers 1 
Table IV 
Concentration of Insecticide Found in Fat, Liver, Kidney, and Lean Meat 
of Feeder Steers and Calves Sprayed for External Parasite Control 
Insecticide Content 
Date of Toxicant Date of Fat Liver Kidney 
S,Erai}ng Used Slaughter Ins 1 Cl. Ins 1 Cl. Ins 1 Cl. 
parts per million 
June 10 DDT October 11 17.0 5.2 4.8 
July 21 
August 17 
Sept. 25 
July 21 DDT October 11 14.6 5.0 4.6 
June 10 Methoxy DDT October 11 33.2 13.5 18.4 5.7 11.1 3.4 
July 21 
August 17 
Sept. 25 
June 10 Methoxy DDT October 11 24.5 10.8 
August 17 
July 21 Methoxy DDT October 11 18.6 5.8 10.8 3.4 6.1 1.9 
June 10 Chlordan October 11 29.9 14.0 18.8 6.1 15.6 3.8 
July 21 
August 17 
Sept. 25 
June 10 Chlordan October 11 24.9 10.5 
July 21 Chlordan October 11 10.2 7.3 3.0 2.1 1.8 1.3 
Lean Meat 
Ins. Cl 1 
4.6 
4.5 
8.4 2.6 
4.1 1.3 
4.2 3.0 
1.8 1.3 
f-J 
00 
Table IV (Cont 1d) 
Concentration of Insecticide Found in Fat, Liver, Kidney, and Lean Meat 
of Feeder Steers and Calves Sprayed for External Parasite Control 
No. of Insecticide Content 
Animals Date of Toxicant Date of Fat Liver Kidney Lean Meat 
Type Animal in Test Spraying Used Sla~hter Ins. Cl. Ins. Cl. Ins. Cl~ Ins, Cl. 
Feeder Steers 2 
Feeder Steers l 
Feeder Steers 1 
Feeder Steers 1 
Feeder Steers 1 
Dairy Suckling 
Calf 1 
Range Suckling 
Calf 1 
June 10 
August 17 
July 21 
Hexachloro- October 11 13.2 10.2 
cyclohexane 
I October 11 9.8 7. 5 2.8 
June 10 Toxaphene October 11 18.3 13.0 7.0 
July 21 
August 17 
Sept. 25 
June 10 
August 17 
July 21 
July 10 
July 23 
July 31 
August 18 
Sept. 17 
• 
" 
DDT 
October 11 11.9 8.5 
October 11 9.3 6.7 3. 7 
October 11 17.0 9.0 
parts per million 
2.1 2.4 
5.0 5.0 
2.7 2.8 
10.0 
1.9 
3.6 
2.0 
June ll DDT October 12 19.0 8.8 9.0 
June 29 
August 12 
2.0 1.5 
3.8 2.7 
2.1 1.5 
8.2 
8.~ f-J 
'° 
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therefore, presents a. definite hazard in that milk used for human con-
sumption will contain appreciable amounts of thi.s insecticide. Of the 
five chlorinated hydrocarbons used, methoxy DDT showed the least amount 
excreted in the milk and was the first to decline after reaching the 
maximum subsequent to spraying. 
Howell and Heller (18) showed that milk contained a maximum of 
two parts per million cf DDI' shortly after spraying, but no attempt 
was made to check the toxic effect of the DDT contained in the milk. 
Telford and Guthrie (33) in 1945 showed that DDI' when sprayed on goats 
was transmitted to their milk and that this milk when fed to whit.a rets 
was very toxic and in some instances caused death. With the exception 
of the Howell and Telford experiments, there h~s been little work done 
on the effect of external application of these insecticides on the con-
tent in milk and tissues, Considerable work has been done, however, with 
regard to the oral toxicity of DDT and hexachlorocyclahexane. Chlordan, 
chlorinated cs.mphene and methoxy DDT have received less investigation. 
Smith and Lillie (30) show that methoxy DDT was one-twentieth as toxic 
as DDI' itself to warm-blooded animalso 
SUMMARY 
The results obtained show that five of the most commonly used hydro-
carbon insecticides (DIJI', methoxy DDI', chlordan, chlorinated camphene 
and hexaohlorocyclohexane) were adsorbed and retained in beef cattle 
receiving topical applications for external parasite control. These 
compounds were likewise secreted in the milk of dairy cows similarly 
sprayed. 
Considerable variation was found in the degree of storage of the 
21 
same insecticide in varfous tissues (e.g. 33.2 p.p.m. for methoxy DDT 
in fat to 9.3 p.p.m~ for chlorinated camphene). In general, the 
highest concentration of all insecticides was contained in the fat, 
followed by liver, kidney and muscle tissue in that order. The various 
insecticides were stored in descending order of degree of storage gen-
erally as follows: methoxy DDT, chlordan, DDT, hexachlorocyclohexane 
and chlorinated camphene. 
Of the five insecticides used, it was found that methoxy DDT was 
secreted in the milk at the lowest concentration and the DDT in the 
highest. Moreover, the methoxy DDT level fell more rapidly than any 
other insecticide and reached an undetectable concentration earlier 
following application of spray. Both of the compounds were essentially 
equally as effective for fly control. The highest concentration observed 
in the milk at any time during the study for each of the insecticides 
was as follows: DDT - 19.2 p.p.m., chlorinated camphene - 6.16 p.p.m., 
hexachlorocyclohexane - 13.2 p.p.m., methoxy DDT - 12.4 p.p.m., chlordan -
7.0 p.p.m. 
Because of the toxic nature of these compounds and the potential 
hazard thus created by their extensive use, it appears advisable to 
exercise considerable caution in their employment. From the toxicolog-
ical viewpoint, on the basis of these studies, chlorinated camphene 
appears to be the insecticide of choice for external para.site control 
when the anim~ls are to be slaughtered and used for food. Methoxy DDT 
appears to be superior with respect to excretion in the milk. 
1. 
3. 
4. 
5. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
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